This study aimed to combine the nutritional advantages of whey and soybean by developing a type of chocolate beverage with water-soluble soybean extract dissolved in whey. Different concentrations of thickeners (carrageenan, pectin and starch -maximum level of 500 mg.100 mL -1
Introduction
On the last years, dairy products and their byproducts have been studied and comprehensively valued in the food industry (Banaszewska et al., 2013; Yadav et al., 2015) . Whey, a byproduct of the manufacture of cheese, keeps about 55% of milk nutrients. Ots proximal average composition comprises 93% water, 5-6% lactose, 0.85% protein, 0.53% minerals and 0.36% lipids (Pescuma et al., 2010) . Whey has around 15% more protein than other food sources in relation to its biological value, due to high contents of essential amino acids, such as isoleucine, leucine, valine, methionine and cysteine, which makes whey protein a complete source of proteins (Childs et al., 2007) . Compared with other high-quality proteins, whey has the higher branched-chain amino acid content (primarily leucine), which plays an important role to promote lean body mass (Ren et al., 2017; Childs et al., 2007) .
Whey used to be considered a highly polluting effluent that was hard to treat, but it is now been employed in food technology in several ways, mainly in the recovery of protein, lactose fermentation and hydrolysis of its monosaccharide components (Pescuma et al., 2010; Rivas et al., 2011; Prazeres et al, 2012; Trigueros et al., 2016) . Some studies have described the production whey fermented with Lactobacillus rhamnosus, Bifidobacterium bifidum and Propionibacterium freudenreichii subsp. shermani strains (Maity et al., 2008) ; energy beverages based on hydrolyzed milk (Singh & Singh, 2012) ; and functional beverages (Gad et al., 2013; Luiz et al., 2014; Amaral et al., 2018) .
Whey promotes a smooth mouth feel and a discreet dairy flavor to beverages, and combines with chocolate flavor (Mann et al., 2015) . Chocolate was also the preferred flavor for 40% of the panelists that tasted a whey/soy based beverage (Nam et al., 2017) . Whey has a low amount of antioxidants, but soy extracts contain various antioxidants, including isoflavones and other flavonoids that present in vitro and in vivo functionalities (Ren et al., 2017) .
Soybean is a raw material that is rich in protein (45-50%), carbohydrates (23-35%) and unsaturated fat (22-32%). Besides that, it also contains some isoflavones and has widespread industrial applications (Kwon et al., 2011; He & Chen, 2013; Childs et al., 2007; Haiti et al., 2017) . Nowadays, people are looking for products that have a healthy appeal, and soy protein can promote heart healthy by reducing the risk of cardiovascular disease and provide anticarcinogenic effects to hormone-related diseases (Childs et al., 2007) . Ren et al. (2017) ) were tested by a simplex-centroid design. Several physicochemical, rheological, and sensory properties of the beverages were measured and a multi-response optimization was conducted aiming to obtain a whey and soybean beverage with increased overall sensory impression and maximum purchase intention. Beverages presented mean protein levels higher than 3.1 g.100 mL -1 , a low content of lipids (< 2 g.100 mL -1 ) and total soluble solids ≥20 g.100 mL -1 . Response surface methodology was applied and the proposed for overall impression and purchase intention presented R 2 =0.891 and R 2 =0.966, respectively. The desirability index (d-value=0.92) showed that the best formulation should contain 46% carrageenan and 54% pectin in the formulation. The formulation manufactured with this combination of thickeners was tested and the overall impression was 7.11±1.09 (over a 9-point hedonic scale) and the purchase intention was 4.0±1.3 (over a 5-point hedonic scale), thus showing that the proposed models were predictive.
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Practical Application: On terms of nutritional, technological and environmental advances, the development of a mixed beverage based on whey and soybean is promising. This is because this new beverage not only aggregates commercial value to whey and raises its status from residue to raw material, but also carries the nutritional appeal of soybean. Following this technological trend, this study aimed to develop a whey-based beverage added with water-soluble soybean extract stabilized with an optimal proportion of carrageenan, pectin and starch.
the ingestion of a soy-whey blended protein increased the performance of rats subjected to physical exercises.
The unpleasant taste of raw beans that results from lipid autoxidation by lipoxygenase is a factor that limits the consumption of soybean-based products (Rodriguez-Roque et al., 2014) . Bitter taste and rancid flavor is also a great limitation in utilizing soybean for beverage production (Ma et al., 2015; Nguyen et al., 2016) . The use of flavoring, sweeteners, fruit pulps and other extracts, such as chocolate, is a technologically viable option for industries to mask that undesirable taste (Uliana et al., 2012) .
Surveys have shown that the consumption of mixed beverages, such as fruit juice with soy milk (water-soluble extract), increased by 6.6% in Europe between 2009 and 2011, whereas the consumption of pure beverages, such as fruit juice or nectar, decreased during that period. This trend is the result of the fact that mixed beverages have a wider variety of nutrients and, consequently, more bioactive compounds than pure beverages (Andrés et al., 2014) .
The use of stabilizers in the manufacture of dairy beverages has been recommended to ensure their rheological properties, such as texture, viscosity and firmness (Lee & Lucey, 2010) . Stabilizers also prevent the sedimentation of particles in beverages (Dspina et al., 2012) . Starches can be used not only as a thickening, stabilizing, gelling, and/or texture agents, but also as a water or fat ligand Madruga et al., 2014) . Starches are the most frequently used thickeners due to their low cost, and because they do not contribute to any remarkable taste if used at a low concentration of 2-5% (Li & Nie, 2016) . Carrageenan is an agent that forms gel and prevents phase separation from happening during the storage of products due to its emulsion stabilizing properties (oil in water). Minimum concentrations are needed in the formulation to ensure good viscosity (Nikaedo et al., 2004) . Pectin acts as an emulsion stabilizer in protein-based beverages due to its capacity to lower the interfacial tension between oil and water (Guo et al., 2014; Madruga et al., 2014) . Pectin is widely used as a gelling, thickening and stabilizing agent in food products (Vaclavick & Christian, 2014) .
On terms of nutritional, technological and environmental advances, the development of a mixed beverage based on whey and soybean is promising, not only because it aggregates commercial value to whey and raises its status from residue to raw material, but also because it carries the nutritional appeal of soybean. Following this technological trend, this study aimed to develop a whey-based beverage added with water-soluble soybean extract stabilized with an optimal proportion of carrageenan, pectin and starch.
Materials and methods

Development of beverages
On order to produce the mixed beverage, a commercial water-soluble soybean extract (Provesol FB ® , Dlvebra Ondustrial S/A, Brazil) was used in the experiments. The sweet whey was the by-product of the manufacture of a type of white cheese produced by a company located in Carambeí, PR, Brazil. The whey was collected immediately after the curds were drained; it was then pasteurized at 90 °C for 10 min and frozen at -18 °C until use. The stabilizers, carrageenan LRA-50 GENULACTA ® and pectin LA-210 GRONDSTED ® were supplied by CP Kelko and Danisco, respectively. The cassava starch was provided by Amidos Pasquin, Brazil. Sucrose, powdered chocolate and vanilla extract, were purchased in local shops in Ponta Grossa, Brazil.
The determination of the amounts of all the ingredients used for developing the formulations was based on previous tests. Different preliminary tests (data not shown) also showed these three stabilizers as the best for these formulations. The beverages were prepared with whey, 5.5% water-soluble soy extract, 4.5% sucrose, 6.0% chocolate, 0.1% vanilla extract and different proportions of stabilizers carrageenan, pectin and starch. The stabilizers quantities were varied according to the experimental design (Table 1) in a way that the total stabilizer was set at 500 mg.100 mL -1
. Sucrose was used to complete this amount in the all formulations (except for formulation C).
To prepare the beverages, firstly the whey was pasteurized at 90 °C/10 min. Then, the solid ingredients were added and homogenized for 5 min using a blender. The beverages were pasteurized at 90 °C/15 min and maintained refrigerated at 6 °C until analysis.
Experimental design
The preparation of the different formulations was based on a simplex-centroid design of mixtures, in which the independent variables were different ratios of the stabilizers, that is, carrageenan, pectin and cassava starch (Table 1) . Seven different samples were tested regarding the isolated, binary and ternary combinations of the stabilizers. The determination of Table 1 . Experimental design used in the development of the soy and whey-based beverages. the maximum and minimum values of each stabilizer was based on previous tests (data not shown).
Physicochemical and rheological analyses
pH, titratable acidity (TA), soluble solids (SS), protein content, reducing sugar (RS), total reducing sugar (TRS), lipids, moisture and ash contents were measured in accordance with the guidelines issued by the ADAC (Association of Dfficial Analytical Chemists, 2002).
The rheological parameters (apparent viscosity, flow behavior and consistency coefficient) were determined using a Brookfield LDVOO+PRD viscometer, spindle 16, maximum torque 100%, and the analysis was conducted at 8 °C. The data regarding consistency coefficient and flow behavior were calculated using Wingther ® for Windows ® 2.2 software (Brookfield Engineering Laboratories) based on the Power Law (Drunkler et al., 2012) . All the rheological analyses were carried out in triplicate.
Sensory analysis
Prior to the sensory analysis, the microbiological analyses were performed to assure food safety. For this purpose, the coliform count was conducted at a 45 °C by the most probable number method, while Bacillus cereus and Salmonella sp. were analyzed in compliance with the Technical Regulation on Microbiological Standards for Food (Brasil, 2001 ).
The sensory analyses of seven formulations were carried out. Four attributes (taste, sweetness, viscosity, and overall impression) were evaluated using a nine-point hedonic scale, in which 1 corresponded to "extremely dislike" and 9 corresponded to "extremely like" (Lawless & Heymann, 1999) . Purchase intention was verified by the Attitude Scale, in which 1 corresponded to "certainly wouldn't buy" and 5 corresponded to "certainly would buy" (Dsawa et al., 2008; Moura et al. 2016; Barbosa et al., 2017) . Dne hundred untrained panelists (67 women and 33 men) took part in the analyses. Each panelist received 30 mL of every formulation, which was served at 7 °C in white and opaque plastic glasses codified with 3 digits. The samples were monadically introduced in three sessions, which were carried out using normal lighting conditions at 20 °C. The procedures applied to the sensory analysis had been previously approved by the Ethics in Research and Human Beings Committee at the University (Process nº 091.80913.1.0000.0105), and the test procedure was explained to each panelist before analysis.
Statistical analysis
The data were evaluated in terms of normality and homogeneity of variances by Shapiro-Wilk's and Levene's tests, respectively. The parametric data underwent unifactorial analysis of variances (ANDVA) followed by Fisher's test for multiple comparisons. Kruskal-Wallis test was applied to the data that did not follow a normal distribution. P-values below 0.05 were used to reject the null hypothesis (Granato et al., 2014 ). Spearman's correlation test was applied to check associations between the data.
Response surface methodology (RSM) was used to evaluate the effects of the independent variables on the responses, in agreement with the quadratic model adapted from Equation 1 (Karnopp et al., 2017 
The response variables were evaluated by analysis of variances (ANDVA). Non-significant coefficients (p > 0.10) were excluded from the initial model and the results were readjusted using Equation 1. The resulting regression models were evaluated regarding their statistical quality by the coefficient of determination, R 2 , and by the adjusted coefficient of determination, R 2 adj, and by the value of probability ("p-value") of the multiple regression model. The desirability function proposed by Derringer & Suich (1980) was used to optimize the beverage. The optimization procedure was conducted using a total of 60 interactions to assure the best combination of thickener agents. The following attributes were used to optimize the thickeners: overall impression and purchase intention. The main purpose of this procedure was to maximize these attributes as they are highly correlated with sensory acceptance of this type of beverage. The optimal formulation of thickeners indicated by the software was used to manufacture a new beverage that was tested for its sensory acceptance and purchase intention aiming to validate the regression model proposed by RSM. For this purpose, the experimental data were compared to those proposed by the regression model using the one sample t-test (Granato et al., 2014) . All the data were analyzed using Statistica 7.0 (Statsoft Onc. South America, Tulsa, USA) and Action 2.6 (Estatcamp, São Paulo, Brazil) software.
Results and discussion
Physicochemical and rheological analyses
On the physicochemical characterization (Table 2 ), all the responses had significant differences in the formulations, except ash (p=0.35). Regarding the pH, there was little variation, although there was statistical difference (p<0.001).
The comparison of the results of this experiment and the data found in nutritional information tables of commercial beverages based on soybean or whey, showed that the protein content of the formulations prepared in this study was higher than those in commercial beverages. The lowest protein content in this study was 3.1 g.100mL The analysis of the rheological behavior of the formulations (Table 3) showed that the use of both carrageenan and pectin (50%/50%), sample D, resulted in a beverage whose apparent viscosity was higher than the beverages in which both thickeners were found separately (samples A and B, respectively). According to Leite et al. (2012) , when carrageenan is combined with other hydrocolloids, such as starch and pectin, it acts more efficiently on the rheological properties of food.
On the present study, pectin affected the consistency coefficient negatively, compared with the other stabilizers. The samples containing 100% pectin (sample B), 50% pectin (sample F), and 33% pectin (sample G), had the lowest consistency coefficient value, compared with the samples that contained starch or carrageenan. Flow behavior index and consistency coefficient did not correlate (p > 0.05) to any of the responses, while apparent viscosity correlated with total soluble solids (ρ=0.95, p=0.001).
According to Marafon et al. (2011) , an increase in the soluble solids improves the consistency of a product; a fact that may be confirmed by the data relating to samples D and E, which had higher consistency coefficient values as well as the highest content of soluble solids. The values for flow behavior "n" were calculated by the Power Law, the results of which (values of n < 1) enable formulations to be classified as slightly pseudoplastic non-Newtonian fluids (Drunkler et al., 2012) .
Sensory analysis
The analysis of the microbiological results showed that all the formulations complied with the Technical Regulation on Microbiological Standards for Food (Brasil, 2001) .
ANDVA was applied to the data of the sensory analysis ( Table 3 ) and showed that there was no significant difference in taste (p=0.44), sweetness (p=0.49) and viscosity (p=0.96). Regarding the overall impression, the data showed significant differences (p=0.02) between formulations. However, there was no difference between samples B (100% pectin), D (50% carrageenan and 50% pectin), E (50% carrageenan and 50% starch), F (50% pectin and 50% starch) and G (33.3% carrageenan, 33.3% pectin and 33.3% starch). For overall impression, these samples were rated from 7.3 to 7.5. Samples A (100% carrageenan) and C (100% starch) were also similar to samples E and F, and were rating from 7.1 to 7.4. Dverall impression and taste had a strong correlation (ρ=0.96, p=0.001), showing that the taste had a great impact on the evaluation of the overall impression. On general, all the formulations were well accepted, with a mean score equal to or above 7 ("moderately like") in all the attributes.
Similarly, Tranjan et al. (2009) evaluated the color, odor, consistency and taste of a beverage made from goat whey. The authors obtained lower scores that those found in the present study, mainly regarding taste. The score for the peach beverage was 5.4 and that of the strawberry beverage was 6.2, based on a nine-point scale. Castro et al. (2013) developed a probiotic whey-based beverage and found that beverages with whey contents greater than 65% resulted in lower sensory acceptance. They explained that greater amounts of whey results in a more astringency beverage, which is a negative factor. Della Lucia et al. (2016) observed that viscosity contributes to product acceptance, but here there was no correlation between these two variables. Ma et al. (2015) correlated soybean seed chemical traits, soymilk character and soymilk sensory attributes among 70 genotypes, and they found that soymilk sensory attributes are positively correlated with glycinin/beta-conglycinin protein ratio, soluble solid and oil content, but negatively correlated with glycitein and protein content.
Response surface modeling
Regarding the criterion of significant differences of the concentration of thickener in the responses (p<0.05), the following variables underwent multiple regression analysis: instrumental viscosity (apparent viscosity); overall impression; and purchase intention. The regression coefficients, standard error, ±95% confidence interval and significance of the models (p-values) are shown in Table 4 .
Regarding instrumental viscosity (apparent viscosity), the proposed mathematical model was not significant (p=0.876) and only a small part of the data variance was explained (R 2 = 0.076), thus, showing that this parameter could not be properly explained (modeled) by the experimental results.
For overall impression, the model was significant (p=0.059) and explained the experimental data well (R 2 =0.891, R 2 adjus = 0.782), showing the RSM model was robust in explaining the factors on the sensory attribute. Regarding the effects of the stabilizers, pectin, carrageenan, and starch considerably (p < 0.0001) contributed to an increase in the mean value of the overall impression. The interaction between carrageenan and starch was not statistically significant in the overall impression of the beverages (p=0.08).
Regarding the purchase intention, the values generated by the adjusted mathematical model explained about 97% of the data variance, with R 2 =0.966, R 2 adjus =0.932 and p=0.010. The analysis showed that all stabilizers influenced positively the purchase intention of beverages, while the interaction between carrageenan and pectin also contributed significantly to the increase in the average of the purchase intention (p=0.004).
The contradiction between liking a formulation and buying another occurs because liking a product does not necessarily mean intending to buy it. Consumption involves private habits, as well as non-sensory issues such as availability in retail shops, promotions and advertisements. Food selection and consumption is a complexed process influenced, mainly, by sensorial factors, but other factors related to marketing, convenience, brand, price, health and nutrition concern, curiosity and psychological stuffs are also important (Guerrero et al., 2010) .
For the future development of mixed beverages with whey and water-soluble soybean extract, the results of this study make it possible to preview the mean values and confidence intervals of overall impression and purchase intention by using the multiple regression equations shown in Table 4 . The data relating to the multiple regression analysis can be better observed in Figure 1 , which shows the contour plots for overall impression (1A) and purchase intention (1B) of the developed beverages according to different mixtures of stabilizers.
Multi-response optimization
Dptimization made it possible to assess the optimal point of the concentrations of carrageenan, pectin and starch to be predicted in relation to the responses (i.e., overall impression and purchase intention). The mean values of the concentrations proposed by the model were calculated by the desirability function. Figure 2 shows the profile of the predicted and desirable values of the stabilizers obtained by the desirability function.
The simultaneous optimization of the response variables showed that the ideal formulation should contain 46% carrageenan, 54% pectin (red dashed lines), with a desirability index (d-value) of 0.92. From the analysis shown in Figure 2 , which was based on 95% confidence interval, this formulation, when tested, should obtain a minimum score of 7.13, a mean score of 7.48 and a maximum score of 7.84 for overall impression. Regarding purchase intention, the formulation should obtain a minimum score of 3.87, a mean score of 3.99 and a maximum score of 4.11. The right column shows the minimum, mean and maximum values in the desirability function.
To examine the quality of the model, the optimized formulation was subjected to sensory analysis by 92 untrained panelists. The experimental data were compared to the minimum values proposed by the model through the one-sample t-test. The mean value was 7.11 ± 1. 09, t-value=-0.19 and p=0.85 for overall impression and the values for purchase intention were 3.99 ±.28, t-value=0.88 and p=0.37, thus showing that the proposed model was predictive. This result is of interest for food companies because the optimization of a mixture of thickeners was based on a sensory analysis that used untrained consumers as panelists.
Conclusions
All the formulations were accepted by the panelists with averages above seven in the hedonic scale, and above 3.5 in the attitude scale, which demonstrates that the combination of whey and water-soluble soybean extract, with the addition of chocolate flavor, is an excellent potential new product. The presence of carrageenan contributed to the increase in apparent viscosity; however, the most accepted formulations were those that had lower apparent viscosity and pectin in their formulation. Starch did not impacted significantly in the rheological and sensory characteristics of the product. Dverall, the panelists preferred chocolate milk that was less viscous. RSM was successfully used to optimize the combination of different thickeners added in the beverage and the best formulation should contain 46% carrageenan and 54% pectin.
